Background: Multiple-drug resistance of Acinetobacter species cause difficulties in the treatment of infections. Due to decrease in success rates with monotherapy combinations that show synergistic effect in the treatment of MDR Acinetobacter infections is used. Objectives: The study aimed to investigate the efficacy of meropenem and amikacin combinations against metallo-beta-lactamase (MBL)-producing Acinetobacter strains isolated from clinical specimens. Method: The presence of MBL in strains was detected by gradient diffusion method (GDM). Fifty MBL-positive and 50 MBL-negative strains were included in the study. The activity of meropenem-amikacin combination against MBL-positive isolates was investigated by both GDM and the checkerboard method while the activity against MBL-negative isolates was investigated by the checkerboard method. Results: Additive or indifferent interactions between meropenem and amikacin were detected in 38 (76%) of the 50 MBL-positive strains, synergistic interactions were detected in 7(14%), and antagonistic interactions were detected in 5(10%) using GDM. Using the checkerboard method, additive or indifferent interactions between the drugs were detected in 37 (74%) and synergistic interactions in 13 (26%) of 50 MBLpositive strains while synergistic interactions were observed in 36 (72%) and additive or indifferent interactions in 14 (28%) of 50 MBL-negative strains. No antagonistic interaction was detected in the MBL-positive and MBL-negative strains using the checkerboard method. In MBL-positive strains no difference was found between the results of checkerboard and GDM. Conclusion: Based on our detection of 72% synergistic interactions between meropenem and amikacin on MBL-positive strains in the Gold Standard checkerboard assay, it is concluded that in vitro evidence supports meropenem and amikacin combination therapy against non-MBLproducing Acinetobacter spp. but further clinical studies are needed.
antibiotic combinations that show synergistic effect has become important in prevention and treatment of infections caused by MDR Acinetobacter strains due to reductions in the rate of success with monotherapy 3 . Although carbapenems, sulbactam, minocycline, tigecycline and colistin are the most effective antibiotics in the treatment of Acinetobacter species, the combination of a beta-lactam with an aminoglycoside or a fluoroquinolone is recommended for the treatment of severe infections 4, 5 .
Imipenem/ aminoglycosides, ceftazidime/ aminoglycosides, ceftazidime/ fluoroquinolones, imipenem/ ciprofloxacin, cefoperozone/sulbactam, sulbactam/ amikacin, colistin/ carbapenem, as well as rifampin/imipenem combinations are the most preferred combinations due to in vitro synergy and low resistance rates 4, 5 .
Beta-lactamases confer resistance in Acinetobacter species by hydrolysing penicillin, cephalosporins and other beta-lactam antibiotics 6 . In A. baumannii metallo beta lactamases (MBL) are seen as inferior to OXA-type carbapenemases but their hydrolytic activities to carbapenems are higher. Three types of MBLimipenemase (IMP), Verona imipenemase (VIM) and Seul imipenemase (SIM)are observed in A. baumannii. They mediate a high level of resistance against beta-lactams and carbapenems except monobactams which includes aztreonam 6 .
The aim of this study was to investigate the efficacy of the combination of meropenem and amikacin against MBL-producing Acinetobacter strains isolated from clinical specimens.
METHODS : Ethical considerations
Ethics clearance for this work was obtained from the Gaziantep University in Turkey (study approval number: 26.04.2012/194).
Bacterial isolates
Acinetobacter strains isolated from various clinical specimens (urine, abscess, wound, sputum, blood) sent to Microbiology Laboratory of Mustafa Kemal University Hospital, (Hatay, Turkey) were examined for the presence of MBL using the gradient diffusion method (GDM) 7 . Fifty MBL-producing and 50 non-MBL-producing strains were included in this in vitro antibiotic combination study. Escherichia coli ATCC 25922 was used as MBL-negative control and Klebsiella pneumoniae ATCC 700603 was used as MBL-positive control.
The strains determined to be resistant to at least three of these: ceftazidime, levofloxacin, gentamicin and imipenem, with Vitek 2 Automated System (bioMérieux, Marcy-l'Étoile, France) were defined as MDR.
Preparation of meropenem and amikacin stock solution
The potency of powdered meropenem trihydrate (100 mg, Sigma-Aldrich, St. Louis, Missouri, United States) and amikacin disulfate (1 g, Sigma-Aldrich, St. Louis, Missouri, United States) was calculated according to the data of analysis certifications. The liquid volume required during dilution was calculated using the following formula:
Detection of metallo-beta-lactamase with gradient diffusion method
The presence of MBL in strains was investigated with GDM using imipenem /imipenemethylenediaminetetraacetic acid (EDTA) ETEST® MBL imipenem/ imipenemethylenediaminetetraacetic acid strip (bioMérieux, Marcy-l'Étoile, France) in accordance with the manufacturer's instructions. Prepared bacteria suspension equivalent to 0.5 McFarland turbidity density was inoculated on Mueller-Hinton agar plate (bioMérieux, Marcy-l'Étoile, France). The ETEST strip was carefully placed on the plate after plates were dried. According to the manufacturer's recommendations, after 16-18 h of incubation at 35 °C, minimum inhibitory concentration of imipenem (MIC IP )/minimum inhibitory concentration of imipenem-ethylenediaminetetraacetic acid (MIC IPI ) ≥ 8 was interpreted as being suggestive of MBL production.
Measurement of in vitro efficacy of meropenem and amikacin combination

Gradient diffusion method
The efficacy of meropenem and amikacin combination in 50 MBL-positive strains was investigated by GDM 8 . Prepared bacteria suspension equivalent to 0.5 McFarland turbidity density was inoculated on a Mueller-Hinton agar plate (bioMérieux, Marcy-l'Étoile, France). To determine meropenem MIC in the presence of amikacin, the amikacin E test strip (biomérieux, Marcy-l'Étoile, France) was placed on the plate, and the bottom and top of the strip were marked on plate. After 1 h of incubation at 35 °C, the amikacin E test strip was removed and the meropenem E test strip was placed in this position to coincide with the previously marked lines. The medium was then incubated for 16-24 h at 35 °C. To determine amikacin MIC in the presence of meropenem, the same procedure was repeated, but with the meropenem E test strip (bioMérieux, Marcy-l'Étoile, France) added first before the amikacin E test strip (bioMérieux, Marcyl'Étoile, France). In each case, the MIC value was recorded as the numerical value on the E test strip corresponding to the end of the observed inhibition zone on the plate after incubation.
Specific MIC values of meropenem and amikacin, which were needed to determine fractional inhibitory concentration (FIC) values for each antibiotic, were determined using the broth microdilution method. FIC values of each antibiotic were calculated according to the following formula:
Then the value of total FIC (ΣFIC) was calculated by adding FIC values of both antibiotics. Results were evaluated according to the following criteria:
Checkerboard method
Interaction of meropenem and amikacin combination for each isolate included in this study was measured by the checkerboard method 9 . Wells of microplate not containing antibiotic were used as positive growth controls. Positive and negative control strains were also included in each plate. MICs were determined prior to performing the checkerboard test 8 . Briefly, the microdilution plates were inoculated with each bacteria to yield the appropriate density (10 5 CFU/mL) in 50 L Mueller-Hinton broth and incubated for 24 h at 35 °C 8 . The MIC was determined as the well in the microtiter plate with the lowest drug concentration at which there was no visible growth. The MICs of meropenem, amikacin and the two in combination were determined after 24 h of incubation at 35 °C in ambient air. FICs for each isolate were calculated using GDM 8 .
Determination of minimum bactericidal concentration
MIC values of both antibiotics were evaluated in row A and column 1 of the microplate. 25 μL was then transferred to sheep blood agar from wells where there was no visible growth. After incubating for 18-24 h at 35 °C, the lowest concentration of antibiotic that reduced the viability of the initial bacterial inoculum by ≥ 99.9%, was accepted as minimum bactericidal concentration for Acinetobacter strains.
Statistical analysis
Data were analysed using Statistical Package for Social Sciences package (SPSS for Windows, Version 16.0. [SPSS Inc., Chicago, USA]). Continuous variables were examined in terms of equality of variance and normal distribution. For the comparison between groups the Mann-Whitney U test for continuous variables and chi-square test for named variables were used. A P-value  0.05 was considered statistically significant.
RESULTS: Gradient diffusion method
Ninty-four percent of all strains were A. baumannii and 6% were A. lwoffii. Ninty-four percent of MBLpositive strains were found to be resistant to meropenem and 88% resistant to imipenem. The imipenem and meropenem resistance rates in MBLpositive strains were found to be higher than in MBLnegative strains (p < 0.05) ( Table 1) . MIC 50 and MIC 90 values of meropenem, imipenem and amikacin were calculated according to MIC values determined with Vitek 2 Automated System (bioMérieux, Marcyd'Étoile, France) ( Table 2 ). 58% of the strains were determined to be MDR. 72% (36 strains) of MBLnegative and 44% (22 strains) of MBL-positive strains were found to be MDR. Multiple drug resistance status in MBL-negative strains was more than in MBL-positive strains (p = 0.005) ( Table 3 ). 
In vitro efficacy of meropenem and amikacin combination
Results of gradient diffusion method
According to ΣFIC values calculated, based on results from the in vitro efficacy of meropenemamikacin combination assay, additive or indifferent interaction between the drugs was observed against 76% (38/50) of the isolates, synergistic interaction was observed against 14% (7/50) of the isolates, while antagonistic interaction was observed against 10% (5/50) of the isolates.
Results of checkerboard method
In both MBL-positive and MBL-negative strains, the additive interaction in 51 strains (51 %) and synergistic interaction in 49 strains (49 %) was observed with the checkerboard method for the combination of meropenem and amikacin with the checkerboard method. No antagonistic interaction was found ( Table 4) .
When the results of GDM and checkerboard method were compared, additive interaction was detected in 28 (56%) of the strains and synergistic interaction was detected in 3 (6%) of the strains using both methods. Thus, there was an overlap of observed interactions (synergistic or additive) against 31 (62%) strains using the two methods. When the results of these two methods were compared, no significant difference between the methods was observed (p > 0.05) ( Table 5 ).
In MBL-negative strains, additive interaction between meropenem and amikacin was observed against 14 strains (28%) and synergistic interaction was observed against 36 strains (72%) using the checkerboard method (Table 6) .
Amikacin MIC (p = 0.001), meropenem MIC (p < 0.001), FIC max (p < 0.001), amikacin minimum bactericidal concentration (p = 0.04), meropenem minimum bactericidal concentration (p < 0.001) values determined using the microdilution method were found to be higher in MBL-positive strains than in MBL-negative strains. Table 4 . Interactions of meropenem and amikacin in the strains determined with gradient diffusion and checkerboard methods. In MBL-positive strains meropenem MIC and imipenem MIC (p < 0.001) values detected with the Vitek 2 automated system (bioMérieux, Marcyl'Étoile, France) were found higher than the MIC values in MBL-negative strains (p < 0.001).
No differences were found in minimum fractional inhibitory concentration and amikacin MIC values detected with broth microdilution method and the automated system in MBL-positive and MBLnegative strains (p > 0.05).
DISCUSSION:
In recent years, Acinetobacter species have become predominant among the bacteria that cause nosocomial infections in the intensive care units 3 .
They have the potential to develop resistance to all antibiotics and thus become a difficult problem as they cause mortality in treatment 3 . Acquired resistance of Acinetobacter species to the beta-lactam antibiotics which are the most frequently used in the treatment of infections they cause, depends mostly on the beta lactamase enzymes 3 . MBL-producing strains possess the ability to hydrolyse all beta-lactam antibiotics, thereby becoming resistant to carbapenems, cephalosporins and cefamycin. In addition, the genes involved in the production of MBL are in the same location with aminoglycoside resistance genes. This situation restricts health care providers to use of aminoglycoside in the treatment 1 .
Increasing failure in the treatment of serious infections caused by MBL-producing Acinetobacter strains with a single antibiotic makes it necessary to use a combination of at least two antibiotics acting by different mechanisms and showing a synergistic effect 3 . Although carbapenem, sulbactam, minocycline, tigecycline and colistin are the most effective antibiotics in the treatment of infections caused by Acinetobacter species, the combination of a beta-lactam with an aminoglycoside or a fluoroquinolone can be an option for successful treatment of serious infections 4, 5, 10 .
In one study carried out in Pakistan that detected MBL among 50 carbapenem-resistant A. baumannii strains using GDM, the percentage of MBL producers was reported as 78% (39/50) 11. In another study, Gupta et al. reported the percentage of MBL as 54.1% with GDM and 41.3% with imipenem-EDTA combine disk test in 85 imipenem-resistant Acinetobacter strains in India 12.
The antibiotic combination most studied in in vitro assays and that is still the most preferred in clinical empirical treatment of Acinetobacter infections because of their synergistic activity consists of a beta-lactam and an aminoglycoside 13 . We also studied this combination in this study. In our study, these antibiotics were determined additive or indifferent in 76%, synergistic in 14% and antagonistic in 10% of 50 MBL-positive strains with GDM, the first method that we used for measuring the effectiveness of meropenem-amikacin combination. In this study, many strains were additive or indifferent because MBL production was thought to cause antibiotic resistance.
In another study carried out using GDM, Kiratisin et al. detected 44% synergy for meropenem and cefoperazone combination against Acinetobacter baumannii. The others showed additive or indifferent activity 13 . No antagonist interaction was reported in that study 14 . Another method used in our study to determine interaction between drugs was the checkerboard method. This method is based on microdilution and is the most commonly used and accepted standard test although it is time consuming and exhausting 13 . With the checkerboard method 74% additive or indifferent interaction, 26% synergistic interaction, and no antagonist activity was detected in 50 MBL-positive strains, while 72% synergistic interaction, 28% additive or indifferent interaction, and no antagonistic activity was detected in 50 MBL-negative strains in our study. Sopirala et al. reported 100% additive or indifferent interaction in 32 pan-drug-resistant A. baumannii strains with GDM and the checkerboard method using amikacin and tigecycline 9 . The synergistic, addictive or indifferent and antagonistic interaction in MBLpositive strains in this study, restricts the use of a combination of meropenem and amikacin for successful treatment of infections caused by MDR or MBL-producing Acinetobacter strains. On the other hand, the combination of meropenem and amikacin could be considered as an option for treatment of infections caused by MBL-negative Acinetobacter strains. The MBL-producing strains are resistant to carbapenems. Many studies have investigated different antibiotic combinations and determined synergistic interactions against resistant strains. Marques et al. reported 21% synergistic interaction with the combination of sulbactam ampicillin and amikacin in Acinetobacter strains with the checkerboard method 14 . In a study conducted with the checkerboard method by Ozseven et al., 94.1% synergy with the meropenem and ampicillin/sulbactam combination and 88.2% with the imipenem and ampicillin/sulbactam combination were found in MDR Acinetobacter strains 15 .
When the other studies are analysed, we thought that if the combination of meropenem and ampicillin/sulbactam or the combination of amikacin and ampicillin/sulbactam instead of the combination of meropenem and amikacin was studied, more synergistic activity would be obtained. In a study supporting this idea, Ko et al. inoculated MDR A. baumannii into rats 16 . After the inoculation, they administered meropenem alone [monotherapy) and then in combination with sulbactam to the rats. They observed 35% improvement with monotherapy and this increased to 87% by using the combination of meropenem and sulbactam 16 . In another microdilution-based study, combinations of polymyxin B/imipenem and meropenem/polymyxin B were studied in 34 MDR A. baumannii strains 16 . The researchers reported 38.2% synergistic interaction for polymyxin B and imipenem and 2.9% synergistic interaction for meropenem and polymyxin B 16 .
Colistin is bactericidal but in the 1980s there was a serious reduction in its use due to nephrotoxicity and neurotoxicity 1 . Petrosillo et al. found that half of 14 patients with a diagnosis of ventilator-associated pneumonia caused by A. baumannii recovered when treated with a colistin and rifampicin combination in their study 17 . In another study, 32 pan-resistant A.
baumannii strains showed 13% synergistic interaction in tigecycline/imipenem combinations with GDM and time-dependent killing method 14 . In the same study, 100% indifferent interaction was reported with an amikacin/tigecycline combination with GDM and the checkerboard method 14 .
Tan et al. tested the combination of polymyxin, tigecycline and rifampin on 48 A. baumannii strains, 16 of which were extensively drug resistant, in their study and they reported 40% synergistic interaction with time kill method and 88.2% with the checkerboard method 18 . In another study carried out with 34 MDR A. baumannii strains, the researchers reported 17.6% synergistic interaction with a rifampicin/meropenem combination and 88.2% with a rifampicin/imipenem combination 15 .
